Previous work ranked concentrations of sedimentary PAHs in Shanghai as low to 74 moderate on a global scale (Liu et al., 2008) . PAH concentrations in rainwater (in 75 Shanghai) were also at the high end of worldwide figures (Yan et al., 2012) . 76 Traffic-related pollution in Shanghai was considered as one of main PAH sources in air 77 (Wang et al., 2010) , sediment (Liu et al., 2009), and soil (Liu et al., 2010) . Gu el al. 78 (2010) suggested that diurnal variation of PM2.5 PAHs was related to the contribution 79 of vehicle emission in urban areas. Therefore, it is vital to comprehensively 80 understand PAH sources from traffic emission for reducing PAH contamination in 81 Shanghai. 82 Source apportionments based on receptor modeling in most published studies were 83 implemented via chemical mass balance (CMB) model and factor analysis methods, e.g. 84 principal component analysis (PCA), positive matrix factorization (PMF) and UNMIX 85 (Taiwo et al., 2014) . Application of CMB model depends extremely on local profiles of 86 all sources, whereas multivariate statistical methods based on factor analysis do not 87 highlight a comprehensive knowledge of source composition (Pant and Harrison, 88 2012). However, the assignment of factors to specific source categories is highly 89 questionable in many cases due to disturbance from extreme data and genuine 90 collinearity of diverse sources (Larsen and Baker, 2003; Pant and Harrison, 2012) . 91 Therefore, it is necessary to remove outliers from dataset and estimate 92 comprehensively sources factors represented when using multivariate statistical 93 methods to apportion sources. In this work, hierarchical cluster analysis (HCA) was 94 applied to screen outliers from dataset, and then multivariate statistical methods of 95 PCA and PMF were used to identify main sources of gaseous and particulate PAHs, 96 respectively. Finally bivariate correlation analysis was used to further confirm 97 chemical sources factors reflected via investigating correlation of factor scores from 98 PCA or factor contributions from PMF and other parameters, such as temperature, PM 99 content, organic carbon content. 100 The main objectives of this study include 1) characterizing profiles and diagnostic (Thurston and Spengler, 1985) .
154
Multivariate statistical methods based factor analysis, PCA and PMF, are useful tools 155 to apportion sources (Larsen and Baker, 2003) . In PCA, all factors with eigenvalues inter-source similarity, and provide an insight into source apportionment studies 201 (Tobiszewski and Namiesnik, 2012). DRs of gaseous and particulate PAHs at the 202 entrance and exit of the tunnel are statistically described in Table 1 . As shown in Table   203 1, the DRs are comparable between the entrance and exit of the tunnel, and they 204 reflect characteristics of gasoline-powered vehicular emission under real traffic 205 conditions. It is worth noting that differences of alkylated and parent PAH DRs (i.e., 206 C1/(C0+C1) NaP and (C1+C2)/(C0+C1+C2) PhA) between the entrance and exit are 207 statistically significant by the repeated measures one-way ANOVA test (p<0.01).
208
Incremented DRs are higher than the Entrance DRs and Exit DRs for particulate PAHs, 209 indicating more alkylated PAHs were released to the particle phase in the semi-closed 210 environment. As for gaseous PAHs, incremented DR of (C1+C2)/(C0+C1+C2) PhA, as 211 well as that in the particle phase, were also higher, whereas the incremented DR of 212 C1/(C0+C1) NaP was lower than the corresponding DRs. It implies that, more 213 naphthalene was released to the gas phase, or less gaseous alkylated naphthalene was 214 emitted in the tunnel. Therefore, the difference of sources and their contributions 215 should be further investigated by other methods in the following discussion. temperature of Factor PCA_G_3 was probably higher than that of Factor PCA_G_1.
259
Similarly, the temperature of Factor PCA_P_1 was higher than that of Factor PCA_P_3. Table 3 contain NaP more or less. Naphthalene was Table S1 . The empirical relationships are used to 299 further estimate chemical sources represented by these factors.
300
Strongly significant positive correlations (marked double asterisks in Table S1 ) 301 were observed amongst each other between tunnel temperature, CO2, PM10, OC, and 302 gaseous total PAHs (Gas TPAHs). This indicated that gasoline combustion emitted 303 carbon dioxides, suspended particles, hydrocarbons and gaseous PAHs, and 304 11 meanwhile released a large amount of heat increasing the temperature. Fuel 305 evaporation is an important emission path of petrogenic PAHs and the emissions are 306 higher at higher ambient temperature (Khairy and Lohmann, 2013; Pang et al., 2014) .
307
PCA_Gas_FS_2 was significantly positively correlated with tunnel temperatures and 308 Factor PCA_G_2 was the one and only petrogenic source of gaseous PAHs in the PCA 309 model. Hence, the factor is considered as evaporative emission of fuel. Compared with 310 PCA_Gas_FS_2, no significance of correlation between the temperatures and 311 PCA_PM_FS_2 (Factor PCA_P_2 is main petrogenic source of particulate PAHs) implies 312 the different petrogenic sources between the gas and particle phases. A possible 313 reason is that droplets of unburned fuel or lube oil in internal combustion engine were 314 directly emitted to the particle phase.
315
PCA_PM_FS_3 was strongly significantly correlated with Gas TPAHs (0.36) and 316 Factor PCA_P_3 has been assigned to mixing source contained petrogenic and 317 pyrogenic PAHs in the PCA model. In the vehicular tailpipe where temperatures were 318 high, most of the volatile materials were in the gas phase. In diluting and cooling 319 processes, the relative amounts of materials, including gaseous PAHs, nucleate to form 320 new particles, condensed and absorbed onto existing particles (Kittelson, 1998) . The 321 transformation from gas to particle phase was widely observed in urban atmosphere 322 as accumulation mode of particulate PAHs (Zhang et al., 2012) . Strongly significant 323 positive correlation between the factor score and OC (0.67) and PM10 (0.30) were also 324 observed in Table S1 . Therefore, Factor PCA_P_3 probably reflects the gas-to-particle 325 condensation of PAHs.
326
Bivariate correlation results based on the PMF factor contributions were 327 comparable to a large extent with those based on the PCA factor scores. Factor Table 4 presents the standardized regression coefficients (B) and calculated source 368 contributions of gaseous and particulate PAHs. Determination coefficients (R squire) 369 of 74-98% indicated a good fit and successful application of MLRA. As for gaseous 370 PAHs, the overall source contributions compared well between the two models. The 371 first contributor was evaporation emission of fuel, accounting for 50-51% of the mass.
372
The following two were pyrogenic sources, accounting for 30.4-35.8% (Factor G_3) 373 and 13.4-19.6% (Factor G_1), respectively. The former represented 374 higher-temperature combustion of fuel, while the latter reflected lower-temperature 375 combustion of fuel. As far as particulate PAHs are concerned, unburned fuel particle 376 was the largest contributor of particulate PAHs and accounted for 56.4-78.3% of the 377 mass. The remaining were high-temperature combustion of fuel (9.5-26.1%) and 378 gas-to-particle condensation (12.2-17.5%). In the PCA model, the contributions of 379 petrogenic sources were 50-56% of total PAHs, in both the gas and particle phases. By 380 contrast, the contribution of petrogenic source was obviously higher in the particle 381 phase (78.3%) than (56.4%) in the gas phase in the PMF model, which was generally 382 consistent with the results from diagnostic ratios. The source contributions based on 383 the PMF model seemed to be more credible than the PCA results in this case.
384
As a consequence, the petrogenic sources, e.g., evaporative emission and unburned 385 fuel particles, were the biggest contributors of total PAHs in the gas and particle 386 phases. We acknowledge this study cannot reflect on total PAHs emission from local 387 traffic. As a typical urban traffic channel, results from this tunnel can, to a large extent, 388 be reasonably extended to the local traffic environment. Controlling emission from 389 petrogenic sources is the most principal task for the purpose of decreasing local urban 390 PAH contamination from traffic emission. Improving fuel efficiency will greatly reduce 391 contribution of traffic emission to atmospheric PAHs. In addition, the contribution of 392 secondary organic aerosol (e.g., gas-to-particle condensation) should not be ignored. The MLRA also tentatively explored to apportion sources of PM10 using PCA factor 396 scores or normalized PMF factor contributions and normalized PM10 contents as 397 independent and dependent, respectively. Regression results are presented in Table 5 .
398
Stepwise algorithm chooses factor scores of G_2, P_1 and P_3 as predictors in the two 399 models. The standardized coefficients (B) indicate the relative importance of the 400 significant predictors. Evaporative emission of fuel (Factor G_2) contributes 20% of 401 PM10 mass. Their direct causality is hard to be explained; the result originates 402 probably from the strongly positive significant correlation between PM10 and factor 403 score of G_2 in the two models, as shown in Table4. However, a potential indirect 404 causality or an unknown transformation of particulate matter should not be safely 405 ignored.
406
High-temperature combustion of fuel (Factor P_1) emits 15-18%, and the 407 gas-to-particle condensation (Factor P_3) forms 7-8% of the PM10. More than half of 408 variation (55-57%) in PM10 mass is yet unexplained based on the two models, 409 indicating that the selected PAHs are of the limited source tracers of PM10 in the tunnel. 
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